Notholithocarpus densiflorus (Hook. & Arn.) Manos, Cannon & S.H. Oh (Fagaceae) (tanoak) needs immediate conservation attention due to the threat posed by Phytophthora ramorum Werres, de Cock & Man in't Veld, the water mold responsible for sudden oak death. This article explains the significant cultural value of tanoak and the seriousness of the sudden oak death threat. Current efforts to limit the spread of P. ramorum are not working adequately to prevent pathogen spread and maintain healthy ecosystems. The heartland of tanoak's distribution in northern California is at risk. I advocate for a collaborative process with tribal leadership to identify areas with mature tanoaks where traditional indigenous burning practices can be tested in combination with best management practices informed by western science. New approaches are needed to tend to tanoaks despite the sudden oak death pathogen and other threats.
A century ago a non-native disease inadvertently introduced on an infected garden plant began to spread in North America's eastern deciduous forests. Within decades the once widespread American chestnuts (Castanea dentata [Marshall] Borkh.) succumbed to chestnut blight and no longer produced nutritious nuts for people, livestock, and wildlife in most of its native range (Freinkel 2007) . Today, a similar fate may await a West Coast native nut tree: tanoak, Notholithocarpus densiflorus (Hook. & Arn.) Manos, Cannon & S. H. Oh. Since the horticultural trade accidentally introduced the sudden oak death (SOD) pathogen to North America, over a million tanoaks have died (Meentemeyer et al. 2011) , and an unknown number are infected. The disease was first detected in California in the mid-1990s (McPherson et al. 2005; Kluza et al. 2007) , and it continues to spread despite the efforts of landowners, scientists, and government agencies. Currently no cure exists for infected trees, and thus far tanoak exhibits little genetic resistance to the exotic water mold that causes the disease: Phytophthora ramorum Werres, de Cock & Man in't Veld (Hayden et al. 2011 ). Computer models rank uninfected areas on the north coast of California as high risk for infection (Meentemeyer et al. 2004; Kliejunas 2010) .
Tanoak deserves more conservation attention due to its cultural and ecological importance. This magnificent tree, along with its relative American chestnut, reminds us that even common plants can rapidly become threatened. Fortunately large areas with extensive tanoak stands remain uninfected. The southern-most populations near Santa Barbara and inland populations away from the coast are probably too dry to foster SOD. However, because ''an alarming number of uninfected forest ecosystems … face considerable risk of infection'' plant pathologists recommend ''that we develop effective management strategies for susceptible forests and that we prevent long distance spread of the pathogen, a threat that could drastically alter forests in California'' (Meentemeyer et al. 2004 ).
THE BEAUTIFUL TREE
In the Kashaya Pomo language, tanoak is called chishkale, which translates to ''beautiful tree'' (Gifford 1967) . In 1889, the first botany professor at the University of California at Berkeley, Edward L. Greene, called tanoak ''the most remarkable of all North American oaks'' and listed it as being ''among the most beautiful of Californian forest trees'' (Greene 1889) . Generally a medium sized tree, its height typically ranges from ''15.2 to 27.4 m'' with a maximum height recorded at 63.4 m (Tappeiner et al. 1990 ). Diameter at breast height in mature trees ranges from ''15 to 122 cm'' and ''the largest diameter of record is 277 cm'' (Tappeiner et al. 1990 ). The overall shape of this evergreen tree varies greatly depending on growing conditions. However, two common forms exist, one that grows in full sun and another in dense shade. In open stands dominated by hardwoods, tanoaks form a broad, dense crown and a short trunk with robust horizontal branches. In shady, dense coniferous forests, tanoaks often grow as tall as 45.7 m with a branchless trunk that is ''clear for 9.1 to 24.4 m'' (Tappeiner et al. 1990 ). Taller trees with long trunks growing with coniferous competition lend themselves to wood production while the trees grown in sunny exposures generate a greater abundance of food in the form of acorns (Fig. 1 ).
MADROÑ O, Vol. 60, No. 2, pp. 64-86, 2013 As is typical for members of the Beech Family (Fagaceae), tanoak has unisexual flowers. The tree can flower during any season except winter, but typically blossoms appear in June, July, or August with coastal and low-elevation trees blooming earliest (Roy 1957b) . The small, solitary female flowers aggregate at the base of the erect male catkin, each subtended by a small bract (Fig. 2) . The abundant yellowish-white male spikes ''light up the tree like candles at Christmas'' ( Fig. 3) (Peattie 1991) . Drought during pollination fosters greater seed set (Tappeiner et al. 1990 ). Once pollinated via wind or insects, acorns mature after two years. Tanoak's simple leaves alternate on the stem. Notorious for being highly variable, the leaves are ''leathery to brittle'' with serrated to toothless edges and often revolute margins (Nixon 1997) . The usually smooth and shiny leaves are densely wooly beneath initially but much of the hair wears off with age. The thick, grayish-brown bark becomes fissured with age. Tanoaks are often difficult to reliably age due to heart rot and the high frequency of suckering if killed to the ground. Its hard wood also makes coring a tanoak trunk to count growth rings quite challenging. However, throughout its range, 180 years appears to be a typical maximum age in unlogged forests, with estimates reaching as high as 300-400 yrs (Fryer 2008 ).
Tanoak trees grow from southwestern Oregon through the California Coast Range to near Santa Barbara, with inland populations occurring through the Siskiyou Mountains and from the southern tip of the Cascade Range along the western slopes of the Sierra Nevada to Yosemite National Park (Tappeiner et al. 1990 ; Tucker 2012) . The shrub variety, Notholithocarpus densiflorus var. echinoides, (R. Br.) Manos, Cannon & S. H. Oh extends from southwestern Oregon to northern California's Klamath Range, Cascade Range, and Sierra Nevada. A mutant, shrub-like form grows in Yuba County in the northern Sierra Nevada (forma 'attenuato-dentatus') (Tucker et al. 1969 ). This mutant is used in horticulture due in part to its rarity. It has a maximum height of roughly 2.4 m. and unusual, deeply serrated, narrow leaves, each with a very narrow apical tip. No other taxa belonging to this genus exist on the planet. A prominent U.C. Berkeley botany professor, Willis Linn Jepson, wrote in 1910 that tanoak is ''exceptionally well-fitted by its reproductive powers, vigor and shade endurance to take part in the struggle for continuous possession of the land''-hence its other common name, sovereign oak (Jepson 1910) .
EARLY INDIGENOUS PEOPLES' USE OF TANOAK
Tanoak acorns formed the basis of a California Indian acorn economy for thousands of years (Fig. 4) . Today they remain a highly valued food among indigenous tribal peoples. In northern California, at least after American settlement, salmon was the only other food consumed in larger quantities. Though indigenous peoples gathered and favored acorns from multiple oak species, northwestern tribes in particular often preferred tanoak when obtainable (Gifford 1971; Chestnut 1974; Heizer and Elsasser 1980) . E. W. Gifford, an academic expert on acorn eating or balanophagy in California, ranked tanoak number one in popularity and black oak (Quercus kelloggii Newb.) second (Gifford 1971) . Although controversial, anthropologist Martin Baumhoff defended rating as important ''because in many areas people would travel a long way to a single tree of a preferred species while ignoring nearby groves of an undesirable species'' (Baumhoff 1978) . Three remnant Tolowa tanoak groves totaling roughly 500 mature trees along the Smith River were estimated to annually produce ''14.4 tons … of usable food materials when dried'' (Gould 1976) .
In addition to serving as a staple food, tanoak was used in the making of fishing nets, baskets, and medicines. The Tolowa used tanoak bark to dye their nets in order to make them less visible to fish (Baker 1981) . Since tannins have a history of being used to preserve fibers such as cloth sails for ships as well as fishnets, the Tolowa may have gained longer use of their nets (Schniewind 1958 ).
The Costanoan/Ohlone also prepared a dye from tanoak bark (Bocek 1984) . Oak saplings including tanoak were used in heavy-duty baskets. In baby baskets tanoak served to protect the infant's head. The oak rim of hopper baskets used during acorn pounding needed to be strong because women rested their legs on it to hold it in place around the mortar (S. Smith-Ferri, Grace Hudson Museum, personal communication, 14 September 2011). Among the Kashaya Pomo, tanoak acorns functioned as cough drops as the tannins suppressed coughing (Goodrich et al. 1980 ). The Costanoan/ Ohlone used a tanbark decoction to treat facial sores and loose teeth (Bocek 1984) . Tanoak was so highly regarded by the Sinkyone that ''[d]reams of tanoak … were a sign of good luck'' (Nomland 1935 
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BOWCUTT: TANOAK LANDSCAPESMultiple characteristics of the acorns contribute to tanoak's popularity as a staple food among many California Indian tribes. A thicker shell makes the delicious nut more resistant to fungal and insect attacks (Wolf 1945; Heizer and Elsasser 1980) . Tanoak acorns store for years, making them a desirable trade item. For example, the Karuk (or Karok) swapped tanoak acorns for ''white deer skins, obsidian, dentalia shells, and Sugar Pine nuts'' with Shasta people (Davis 1991) . Relative to other oaks, tanoak is one of the more reliable producers, rarely failing completely and bearing bumper crops more frequently. Tanoaks ''are heavily laden almost every FIG. 4 . Tribal territorial map and tanoak distribution. Data sources: M. Kat Anderson, USDA-NRCS, provided the tribal boundaries digital map layer for California. Minor adjustments were made based on data provided by Jerry Rohde, Cultural Resources Facility at Humboldt State University; Hawk Rosales, executive director of the InterTribal Sinkyone Wilderness Council, and the American Philosophical Society (2012) . The tribal boundaries for Oregon were derived primarily from Schaeffer (1959) . The tanoak distribution data for California came from Griffin and Critchfield (1976) . Tanoak distribution data for Oregon came from the Oregon Flora Project (2012) . alternate year and complete seed crop failures are rare,'' helping to give it the reputation of being the heaviest acorn producer of all Pacific Coast oak species (Roy 1962) . Annual nut production in most other nut-bearing trees varies significantly with heavy crops every two to five yrs. The ''nonmutually exclusive hypotheses'' proposed for this masting behavior include, genetics, climatic conditions, and coevolution with seed eating animals to limit their population growth (Vander Wall 2001) . Tanoak trees typically begin to bear an abundance of acorns when they've reached between 30 and 40 yrs old, ''although 5-year-old [root] sprouts also have produced fairly heavy crops'' (Roy 1962) . A mature tanoak tree bears more than 90 kg of nuts on average in a good year, with estimates as high as 454 kg annually for old growth trees (Radtke 1937; Baumhoff 1963) . Each nut typically exceeds the size of a hazelnut.
Compared to grains like wheat, tanoak acorns are low in protein but superior in caloric value due to the high amount of nutritious fats they contain (Table 1) (Baumhoff 1963) . Nutrition scientist Linda Ellen Gilliland completed a study in 1985 in which she found that protein and fat content varied significantly in acorns, but she corroborated that protein content is low and fat and carbohydrate content are moderately high in tanoak acorn foods. However, she did not analyze mineral content for tanoaks as suggested in the title of her thesis (Gilliland 1985) . More research is needed on the nutritional value of tanoak acorns, because many other health-promoting constituents exist in plant foods other than fat, fiber, carbohydrate, and protein. Acorns are soft enough to chew without processing, but the tannic acid they contain must be removed to make them useful as human food (Essene 1942) . Compared to most acorns, tanoak nutmeats are significantly larger, making them easier to process.
Tanoak-acorn harvesting occurred and continues to occur during autumn. Based on the ethnographic record, Karuk families gathered in October for roughly a month (Schenck and Gifford 1952) . The Yuki collected tanoak acorns ''far up in the mountains in November when they were ripe'' at higher elevation (Curtin 1957) .
Collecting often occurred some distance from winter residences. The Tolowa moved to the inland edge of the redwood belt for a month to gather nuts before moving back to coastal villages (Gould 1976) . According to Pomo ethnographer Fred Kniffen, ''no trip was too long to make for these highly desired nuts'' (Kniffen 1939) . Families picked up acorns under tanoak trees after they fell naturally. Some tribes used sticks to knock acorns down, although others believed this practice was harmful to the trees as it can cause nuts in their first year of development to fall, thus reducing the following year's harvest. Pomo men climbed mature trees or, if smooth barked, they used ''a sapling or a fallen redwood as a ladder'' and then stamped ''on the branches to shake'' acorns down (Gifford 1967) . Openwork burden baskets were used to transport the harvest (Shanks and Shanks 2006) .
Annual first-acorn ceremonies preceded consumption of the nuts each autumn (Wallace 1978) . Among the Sinkyone this ceremony lasted five nights (Nomland 1935) . Mary Socktish, an officiate of the Hupa's first acorn feast, recounted in 1940 the associated rituals. Typically, in early October or rarely in late September, she and several other women harvested the earliest ripe acorns. The night before the feast, she prayed for ''plenty of acorns,'' addressing her request to ''the acorn 'boss'-Yinukatsisdai, the god of vegetation.'' Several other women assisted her in praying for a good harvest most of the night in the ''sacred living house.'' After bathing at three a.m. in the cold river, the women began to de-skin, winnow, pound, and sift the already shelled acorns. Around sunrise, the women took the acorn meal to the river for leaching and cooking at the feasting place. ''While the stones are heating, we prepare fall salmon, broiling it on sticks around the fire. … After the acorn meal is all cooked, about two o'clock in the afternoon, a messenger is sent to notify the people to come to the feast. The people come along a special trail.'' Socktish warned: ''Whoever wastes acorns at any time will not have plenty'' (Kroeber and Gifford 1949) .
Indigenous peoples developed food technologies for storing, processing, and cooking tanoak Basgall (1987) , and page 162 of Baumhoff (1963 (Baumhoff 1963) . Among the Lassik, all tanoak acorns were stored inside while other acorn types were stored outside at least in part indicating how valued tanoak acorns were (Essene 1942) . Pomo women reduced spoilage by drying whole tanoak acorns in the sun before storage, using ultraviolet radiation to kill mold and other fungi. California Indian people used a hammerstone to crack open acorns placed on a flat rock (Driver 1952) . The Karuk kept hulled tanoak acorns in their homes after drying them on basket plates. The drying acorn meats were occasionally shaken and then rubbed and winnowed to remove their thin skins (Schenck and Gifford 1952 Many preparation methods existed. Initially indigenous peoples only processed the nuts either un-hulled or hulled but never crushed. Multiple tribes immersed or buried acorns whole to extract bitter tasting tannic acid including the Yurok, Hupa, Pomo, and Yuki (Gifford 1968) . The Karuk prepared un-pulverized tanoak nuts by placing them in a hole and pouring water over them ''for several weeks until they became soft and turned black'' (Davis 1991) . A southwestern Pomo preparation method involved nuts placed in a pool with the hull cracked but left on. After four or five months, the mushy, tannin-free acorns were hulled and cooked whole (Gifford 1967) . As in the preparation of cheese, yogurt, and wine, fungi are sometimes factored into acorn preparation. After several weeks in a Pomo home, hulled but still whole nuts molded. After the greenish patina was rubbed off by hand, women ground the nuts and used them to give dishes a sour flavor much like vinegar and salt (Gifford 1967 ). Sometimes people roasted or boiled whole nuts, too. However, leaching whole nuts in water or mud required a great deal more processing time to remove enough tannic acid.
Thousands of years ago, women developed a much faster way to process acorns. Pulverizing then leaching became the preferred mode of preparation and dominated where acorns served as a staple food (Driver 1952) . This radically quicker leaching process liberated a ''vast new food supply of high nutritive value'' (Gifford 1968) . In California's North Coast Ranges, anthropologists have uncovered milling implements as old as 5000-7000 yrs (Basgall 1987) . From archeological sites in the southern end of the North Coast Ranges, ''the slab and handstone represented the primary milling technology until about 3000 B.P., after which the mortar and pestle became increasingly more important'' (Basgall 1987) . A flat milling slab combined with an elongated stone or mano typically served to grind the small, hard seeds of mostly grassland plants (pinole), while the stone mortar and pestle served primarily to pulverize acorn-meats and other oily nuts (Chartkoff and Chartkoff 1984; Basgall 1987) . Oak logs with depressions sometimes served as mortars, too (Driver 1952) . In Potter Valley and other areas in northwest California, women used oak mortars (S. SmithFerri, Grace Hudson Museum, personal communication, 14 September 2011). They used bottomless basket hoppers on their mortars to keep meal in place during the acorn-pounding process.
The practice of pounding acorns and then leaching the meal with water in a sand basin or basket became widespread between 4000 and 2000 B.C. (Fig. 5 ) (Chartkoff and Chartkoff 1984) . Prior to leaching, Karuk women sifted the acorn meal ''in a tight, flat basket, the coarse stuff being removed by tapping the basket with a stick'' (Schenck and Gifford 1952 ). Sifting practices varied among different indigenous peoples, but essentially it involved separating out the still coarse material to repulverize it. During the leaching process, the Karuk used increasingly warmer water. When whites introduced metal pots in the mid-19th century, Round Valley Reservation cooks adapted to leaching almost entirely with warm water to hasten leaching time (Essene 1942) . Traditional cultural practitioners persisted with the slower method of using cold water (Essene 1942) . Heated water extracts the tannic acid faster, but cold water leaves more of the nutritive value including the high-quality fats. Periodic taste-testing during the leaching process serves to indicate when the bitter tannic acids have been adequately removed. Some people like the taste of a little tannic acid, while others like a more leached acorn food because it tastes ''sweet'' or bland. Most people eat prepared acorns with salmon, venison, or honey. The preferred consistency of tanoak acorn food varies from a watery soup to a thick porridge.
Worldwide, the acorn-food technologies of California are among the most developed. People across the globe used (and continue to use) acorns from various oak species as food, but tannic acid removal practices varied or were lacking entirely. Indigenous people in central Arizona only ate unleached, sweet acorns, thus neglecting acorns with more tannin that yielded a bitter taste. This was true in Mediterranean regions as well, such as Spain. In Mexico, people neglected acorns entirely as food. Most east coast tribes of North America boiled acorns prior to pulverizing to make them palatable, as did people in Japan. On the island of Sardinia in the Mediterranean Sea, human beings boiled and then ground acorns, but they mixed iron-oxiderich clay with meal to ''counteract the tannic acid'' in the same way Pomo women do when making acorn bread from black oak acorns (Gifford 1968) . In the southeastern United States and Persia, people pounded then leached acorns like California Indians (Driver 1952) .
Once leached of the bitter tannins, Native California women cooked tanoak acorn soup or porridge with hot rocks placed in baskets, using two sticks often with loops at the ends. To avoid burning the baskets, women kept the hot rocks moving with wooden paddles. Cooks used extreme caution in selecting rocks that would not explode when they were dunked in water to rinse off ashes before placing them in the cooking basket (S. Smith-Ferri, Grace Hudson Museum, personal communication). Many women inherited their cooking rocks from female relatives. This method of cooking was fast, and the resulting food was served in dedicated basket bowls or cups. Karuk cooks gave the cake that formed on hot cooking rocks to children as a special treat (Baker 1981) . The Kashaya Pomo preferred (and still prefer) tanoak acorns for cereal and soup, while favoring black oak or valley oak (Quercus lobata Née) acorns for unleavened acorn bread prepared in an earthen oven (S. Smith-Ferri, Grace Hudson Museum, personal communication, 14 September 2011). Sometimes the Karuk used hot coals to bake patties from tanoak acorn paste (Baker 1981) . Along with other abundant native foods such as pinole and salmon, tanoak acorns made possible a settled existence in a relatively small area. A single, well-tended tanoak grove could meet the needs of a tribal village without supplemental irrigation or inordinate amounts of physical labor (Heizer and Elsasser 1980) .
TRADITIONAL ECOLOGICAL KNOWLEDGE
To maximize acorn production, indigenous peoples manipulated vegetation on a landscape scale using fire. Burning practices involving frequent, typically low-intensity fires developed in response to climate change. About 6000-5000 yrs ago a warm, dry spell, called the Xerothermic, facilitated the expansion of oak woodland and prairie on the West Coast. Between 4500 yrs ago to the present, the climate changed again to wetter, cooler conditions, and as a result Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco) and other conifers spread at the expense of oak woodland and prairie (Briles et al. 2005) . Fire favored acorn-producing tanoaks and pinole-producing prairies over conifers. Pinole was made from a variety of grassland seeds such as tarweed (Madia spp.) and California oat grass (Danthonia californica Bol.). It is difficult to know how significant acorns were relative to pinole in the indigenous diet prior to American settlement. This is due to the rapid changes in grasslands with the advent of livestock grazing and the conversion to non-native orchard grasses, row crops, and towns. What is clear is that Native peoples engaged in a kind of permaculture and agroforestry using native species. By design they created cultural landscapes with fire, where grassland and tanoak groves thrived in a region naturally dominated by coniferous forests. Evidence for intentional burning exists in the ethnographic record, in the ecological response to fire, and in microfossil research (Bicknell, unpublished) . The historic record also provides supporting evidence including serial photographs documenting vegetation change over time (Bowcutt 1994 (Bowcutt -1996 Bowcutt 2011) .
The anthropological literature documents indigenous burning as widespread to favor tanoaks and associated prairie on the North Coast of California. The Lassik kept ''much of their territory … completely clear of underbrush'' through frequent, low-intensity ground fires, particularly along the Eel and Mad rivers. According to the informant, ''much of Trinity County'' was ''almost open prairie,'' but by 1938 it was ''choked with thick brush'' (Essene 1942) . Ethnographer Llewellyn Loud claimed in 1918 that prairies would have produced forests if the Wiyot Indians didn't annually burn ''so as to gather various seeds, especially a species of sunflower.'' The location of these food oases was well known by the Wiyot and they ''maintained regular trails between them'' (Loud 1918). In addition to making human travel easier, burning cleared the ground before acorn harvesting (Schenck and Gifford 1952; Beard 1979) . After completing their acorn harvest, the Tolowa burned the inland tanoak groves that they ''heavily exploited'' before returning each year to their coastal villages (Gould 1976) . Ethnographer Gladys Nomland noted that Sinkyone ''[m]en fired grassy meadows'' to foster food production (Nomland 1935) . Even myths point to burning as a common cultural practice. Alfred Kroeber, Nomland's professor at the University of California at Berkeley, recorded a Sinkyone story that featured buzzard flying ''over the dry grass. Wherever he went, he fired the grass, and the flames spread'' (Kroeber 1919) . The Pomo Indians of Redwood Valley burned annually to maintain widely spaced oaks with a grassy understory. In their ''beautiful park landscape,'' burning controlled the brush while leaving ''the larger trees … uninjured'' (Kniffen 1939) . By decreasing fuel loads, regular burning by tribal peoples reduced the risk of catastrophic wildfire that would destroy mature tanoak trees (Anderson 2005) .
Frequent burns minimized loss of tanoak acorns to diseases, insect pests, and unfavorable climatic conditions. A Karuk woman, Mamie Offield, explained to an ethnographer that annual burning protected tanoak from infection and insects (Schenck and Gifford 1952) . It reduces insect populations because trees abort acorns infested with weevil and moth larvae during development, thus a ground fire set after initial acorn drop kills the larvae inside and those already in the leaf litter (Warburton and Endert 1966; Vander Wall 2001) . Filbert weevils (Curculio uniformis), filbertworm moth larvae (Cydia latiferreana), and other insects can destroy over half of the acorn crop (Roy 1957b) , particularly in the absence of frequent fires. By clearing underbrush, Indian people maintained good airflow around harvested tanoaks, which reduced loss of flowers and developing acorns to cold temperatures. Unfavorable climatic conditions also provoked the southwestern Pomo to pray for acorns ''when hail comes from the north'' (Gifford 1967) . Tanoak acorns ripen in their second autumn, thus increasing their vulnerability to late frost. Current trends in global climate change indicate that ''day-to-day weather has grown increasingly erratic and extreme,'' which ''could have consequences for ecosystem stability and the control of pests and diseases'' (quote from Kelly 2011; see also Medvigy and Beaulieu 2012) .
Ecological evidence bolsters the argument that Indian people burned to foster wildlife including species they hunted. Repeated fires favor tanoak over non-sprouters like Douglas-fir (Lewis 1993) . The coppice growth after burning from tanoak's basal burl provided basket materials and browse for deer and elk. Deer and bear fatten on tanoak acorns before winter. Many other wildlife species cache acorns for later consumption, such as squirrels, woodpeckers, and jays. Some animals, such as various salamanders and rodents, use tanoak for cover and/or nesting, while certain mammals prey on tanoak herbivores (Raphael 1987) . To leave enough for animals, ''many native people in northwestern California … stop acorn harvest after November'' (Hosten et al. 2006) . For a partial list of animals that eat tanoak acorns, see Table 2 .
Research based on microfossils provides evidence that vegetation has shifted in relation to changing climate and fire frequency over the last 15,000 yrs. Pollen cores extracted from wetlands in the Siskiyou Mountains of Oregon indicate that during the last glacial period (.10,900 cal yr B.P.), subalpine forest extended to lower elevations and latitudes than it does today. During the early Holocene (ca. 10,900-4500 cal yr B.P.), the climate shifted to ''warmer-and-drier-than-present summer conditions,'' favoring xerophytic species such as oaks and chinquapin (Briles et al. 2005) . Xerophytic vegetation contracted when the climate became cooler and wetter during the late Holocene (ca. 4500 cal yr B.P.-present), except where burned regularly by Native peoples. Fossilized pollen of tanoak resembles chinquapin pollen, making fine-grained vegetation reconstruction difficult (Briles et al. 2005) . However, pollen evidence indicates that indigenous burning changed vegetation elsewhere in the West. For example, in Yosemite Valley, Quercus pollen begins to increase about 700 yrs B.P. despite climatic conditions that favored fir (Abies). Archeological evidence indicates indigenous peoples of Yosemite Valley became more dependent on oak acorns between 650-750 B.P., thus giving them an incentive to burn frequently to kill pines. ''At contact [with Euro-Americans], much of the valley was an open oak-grassland with few conifers. However, after nearly three-quarters of a century of fire suppression or exclusion, the valley was choked with shrubs and young conifers'' (Anderson and Carpenter 1991) .
Paleobotanical research based on phytoliths, another kind of microfossil, indicates that coniferous forests and coastal scrub have expanded with fire suppression over the last century on the northern coast of California. Humboldt State University professor Susan Bicknell found an abundance of phytoliths unique to grasses in areas now dominated by conifers in Sinkyone Wilderness State Park on the northwestern Mendocino coast (Bicknell unpublished). These silicon dioxide deposits originate between and inside plant cells and can persist in the soil for millions of years. Researchers use phytoliths to study vegetation change over time. Bicknell and her graduate students also found Douglas-fir seedlings, saplings, and trees in nearly all their grassland and scrub plots, which lead them to conclude that this conifer could naturally occupy most sites in the park.
The historic record documents prohibitions on indigenous burning and the radical transformation in vegetation that followed. In regions of California colonized by Spaniards, the ''civil authorities issued edicts, such as Governor Arrillaga's command in 1793'' that prohibited burning ''to increase the productivity of wild foods'' (Lightfoot 2005) . In Humboldt Co., a geographic area in northern California with an abundance of tanoaks, the Euro-American settlers of the Mattole Valley passed a resolution in 1858 that the Indians ''not set fire to the grass'' (Bledsoe 1885) . A collector of wild lily bulbs for the horticulture trade watched as beds he sustainably harvested over multiple years ultimately became overgrown and shaded out during the 1870s due to suppression of indigenous burning (Anderson 2005) . Prohibition of Indianset fires to manage the underbrush in Mendocino Co. caused a shortage of suitable basket-making materials, which was noted by a basket dealer in 1923 (Anderson 2005) . Photographs taken over the last century document an increase in Douglasfir and coastal scrub in Sinkyone Wilderness State Park at the expense of coastal prairie and associated tanoaks (Bowcutt 1994 (Bowcutt -1996 .
Willis Linn Jepson, a University of California botany professor from 1899-1937, noted in 1910 that coniferous forests dominated more acreage in the West than when whites first arrived (Jepson 1910) . Even prior to the ability to suppress fires on a landscape scale, the consequences of fewer human-set fires became apparent within decades of American settlement. Compared to resinous conifers, tanoaks are less flammable. Jepson claimed that, ''fires rarely kill tanbark oak trees'' (Jepson 1911) . He wrote that trees more than 100 yrs old develop ''long vertical wounds,'' which generally spread. However, if it does die down to the ground, tanoak resprouts from burls at the base of the trunk. Although seedlings are fire sensitive, scars heal over on surviving young trees (Jepson 1911) . Mature, ridgeline tanoaks enjoy the most benefits from frequent burning. According to Jepson, ''about 80 percent are comparatively free from fire hollows, because a (Jepson 1911) . Speaking in general about California forests, he noted that annual burning favors ''under certain conditions the development of large individual trees.'' In contrast, even five to ten years of fire suppression resulted in fuel accumulation that could lead to destructive fires that ''injure more severely or even consume large trees.'' Jepson concluded that, based on their skillful use of fire as a management tool, ''some credit must be given to the native tribes as foresters'' (Jepson 1909) .
CONTEMPORARY INDIGENOUS USE OF TANOAK ACORNS
Native people have continued to use tanoak acorns for human food since American colonization, albeit at a reduced scale. Assimilation efforts beginning in the late 1800s resulted in most Native people shifting to wheat as a staple. However, the early reservations were notorious for being unable to reliably feed, shelter, and clothe Indians. Reliance on wild foods continued and persists today. In 1938 a Lassik informant told a University of California anthropologist that ''[i]f the Indians ain't got acorns, it seem like he ain't got nothing'' (Essene 1942) . Lulu Johnson, a Yuki woman, still prepared tanoak-or shō'-kish-acorn soup, mush, and pancakes for her family in the 1950s when they had ''a longing for the taste of the nuts'' (Curtin 1957) .
In 1964, anthropologist Samuel Alfred Barrett produced a film on tanoak acorn use as part of the American Indian Film Project. Entitled The Beautiful Tree, Chishkale, it was made in collaboration with a Kashaya Pomo leader, Essie Parrish, and her family (Barrett 1964) (Figs. 6, 7) . Barrett focused on what he perceived as authentic practices and intentionally did not document the adaptation of new tools like shovels, rakes, metal meat grinders, and pots to facilitate acorn harvesting and processing (S. Smith-Ferri, Grace Hudson Museum, personal communication). In reality, beginning in the mid-19th century, indigenous women had creatively repurposed the garden and culinary tools of Euro-American culture to serve their needs when obtaining and preparing tanoak-based foods.
While fire suppression, livestock grazing, and development diminished acorn crops throughout California, increasingly during the 20th century, the automobile facilitated travel to locations where the greatest number of acorns could be gathered which might vary from year to year. Some people shifted their collecting to mowed landscapes such as cemeteries to facilitate the process. Others were forced to gather at higher elevations than their ancestors had gathered, which often shifted the required schedule to ensure ripeness. Adaptability continues to be key to the efforts of keeping tanoak food traditions alive and vibrant.
Dishes made with tanoak acorns are still served at celebrations, tribal gatherings, and as a healing food for the sick and elderly (Fig. 8) (McCarthy 1993) . Many health practitioners argue that adoption of a Western-style diet has contributed to the high rates of diabetes among indigenous people. According to the Centers for Disease Control and Prevention, ''American Indian and Alaska Native adults are 2.6 times more likely to have diabetes than non-Hispanic whites of similar age'' (CDC 2011). Medical research links diabetes with diets high in simple carbohydrates and low in healthy fats. Speaking in 1984, Hoopa tribal woman Winnie Marshall warned that in the future ''everyone might have to rely on native foods to survive'' (Marshall 1984) . Note that Hoopa Valley tribal members may or may not be of Hupa ancestry. Unfortunately, most legacy tanoak trees were destroyed by the tanbark industry supplying tanneries between the 1840s and 1920s. And in the 1950s, softwood producers began poisoning tanoak with herbicide to favor marketable conifers in industrial forests (Bowcutt 2011) .
Reviving old acorn economies is part of a worldwide movement of indigenous peoples uniting around issues of ''cultural survival, ownership of knowledge or intellectual property rights, empowerment, local control of land and resources, cultural revitalization, and selfdetermination'' (Berkes 1999) . Many tribal peoples lost access to tanoak acorns through government land appropriation and relocation policies in the 19th century that moved tribes to inland locations that lacked dense, productive populations of the tree. Many California tribal people feel plants thrive in positive relationships with people (Anderson 1993) . Tribal elders contend that ''plants want to be used,'' and if they aren't, their quality deteriorates and their numbers diminish (Anderson 1993) . For tanoak to thrive, human intervention with good intentions and skillful means may be required.
Native peoples rely on this important food source and are proactively seeking ways to foster tanoak well-being. Unfortunately, the possibilities for reestablishing managed tanoak acorn trees are limited. The densest stands occur in northwestern California near the coast, most of which are not on existing reservations or rancherias. A Pomo Indian said in a 1995 interview that his grandparents traveled some distance from Sherwood Rancheria to harvest roughly 135-180 kg of tanoak acorns from the same tree each year (Bowcutt 1996) . The Karuk, Yurok, and Hoopa Valley Tribes have reintroduced burning on their tribal land to foster tanoak acorn production. The Hoopa also manually thin on their land to favor broad tanoak canopies for increased acorn production (Wilkinson et al. 1997 ). To create a productive, wide tanoak crown, foresters recommend thinning lightly over a period of time to avoid damaging trees by sudden exposure to sunlight after logging (McDonald and Tappeiner 1987; McDonald and Huber 1995) .
The InterTribal Sinkyone Wilderness Council (hereafter, Council) was formed in 1986 to protect and preserve Sinkyone ancestral lands, and to revitalize local tribes' cultural landstewardship practices (Bowcutt 2011 Park. The Council's goals include reestablishing traditional stewardship of native species, such as tanoak, and reintroducing culturally informed prescriptive burning of coastal prairie and tanoak groves to improve tanoak health. This approach is consistent with contemporary ecological restoration of Quercus-dominated woodland, which often combines manual removal and prescribed fire ''to reduce conifer density'' (Fig. 9 ) (Reid and Sugihara 1987; Hosten et al. 2006 ).
SUDDEN OAK DEATH THREAT
Diseased and dying tanoak trees were first noticed in the mid-1990s north of San Francisco in Marin Co. around Mount Tamalpais (McPherson et al. 2005) . Plant pathologists ultimately concluded that a previously undescribed species was causing the observed bleeding stem cankers. The new lethal tanoak pathogen, Phytophthora ramorum, is not native to North America, but no one knows where it originated or when it arrived (Grü nwald et al. 2012) . Phytophthora means ''plant destroyer,'' an apt name given the tanoak die-offs it has caused. By 2001, SOD had ''reached epidemic proportions in forests along approximately 300 km of the central coast of California,'' from the Big Sur Coast to Sonoma Co. (Rizzo et al. 2002b ). The water mold has spread through commerce in horticultural plants (Rizzo et al. 2005; Ivors et al. 2006; Marscheretti et al. 2008) . Although tanoak has proved to be the most susceptible, many native California species and common nursery and landscape plants serve as carriers that help spread the pathogen (Rizzo et al. 2002a) . Of the ornamental hosts most prone to spread the disease, plant pathologists list three genera in the Ericaceae (Rhododendron, Pieris, and Kalmia), Camellia (Theaceae), and Viburnum (Caprifoliaceae) (Frankel 2008) . While fatal to tanoak and some other related tree species, most of its hosts suffer only shoot die-back or leaf spots and blotches. (An updated list of host plants is available at www.suddenoakdeath.org). Researchers believe P. ramorum was introduced on imported nursery stock for North American gardens. Increased global trade is accelerating the worldwide spread of exotic diseases, which damages biodiversity and habitat health (Vitousek et al. 1996; Brasier 2008) . According to Clive Brasier (2008) , a senior plant pathologist, major problems may arise if a pathogen escapes -or is introduced -to another region of the world where the native plants have little resistance and the pathogen has eluded its natural enemies. Such events can trigger damaging disease episodes that may also have long-term negative impacts on the environment, economy and cultural heritage. Movement of plants and plant products between biogeographical zones by human activities is now generally accepted to be the primary mode of introduction of exotic pathogens and pests. There is therefore a tension, in terms of risk to the cultural and natural environment, between the conservation and environmental responsibilities of horticulturalists, foresters, garden designers and landscape architects and their desire for novel material or (these days) cheaper plants and instant trees.
Ecosystem change can occur relatively rapidly through novel pathogens. ''Starting around 1910 an introduction of Cryphonectria parasitica, the cause of chestnut blight indigenous to China and Japan, resulted in the virtual destruction of American chestnut forests (Castanea dentata) through most of their natural range in the USA within thirty years'' (Brasier 2008) . Protections against future importations have been weakened just as the rate of global trade in potted plants and other risky materials has increased significantly. During the Clinton Administration, the federal government repealed the Plant Quarantine Act of 1912, originally passed to prevent another massive, native-tree die-off caused by an introduced pathogen. According to agricultural economist Edward A. Evans, the Plant Protection Act of 2000 superseded it to mirror more closely ''the general provisions of the World Trade Organization's Sanitary and Phytosanitary Agreement'' to foster international trade (Evans 2004) .
Currently in North America, P. ramorum is only reproducing asexually, which limits the 
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BOWCUTT: TANOAK LANDSCAPESorganism's capacity to adapt to changing environmental conditions. However, this could change. Two mating types and several lineages exist in North America with the NA1 (A2-mating type) predominating. The more virulent EU1 (A1-mating type), a strain from Europe, is found in a few ''nurseries in California, northern Oregon, Washington, and British Columbia, Canada'' (Kliejunas 2010) . It has also escaped to a waterway in Humboldt Co. (Frankel 2008) . The EU1 (A-1 mating type) has been found in forests in the United Kingdom and is common in European nurseries. Repeated introductions of contaminated European nursery plants have occurred despite monitoring of international trade (Goss et al. 2011) . Based on efforts to mate EU1 (A-1 mating type) and NA1 (A-2 mating type) in the laboratory, it is unclear whether P. ramorum has a functional sexual breeding system (Brasier and Kirk 2004) . If it does, the potential remains for greater disease vigor ''if genetic exchange occurs between the European and American subpopulations'' (Brasier and Kirk 2004) . Despite the high rates of abortion, viable oospores appear to form, which means that ''coexistence of both mating types on adjacent plants increases the chances for sexual recombination between these two genetically divergent lineages'' . Another indication that the impact of SOD on tanoak could worsen is that, currently, the less aggressive lineage is the more prevalent one in North America. Although rare, two other, ''generally more virulent'' lineages already occur in North America (Kliejunas 2010) . Based on multiple computer models, the coastal counties of Mendocino, Humboldt, and Del Norte are at high risk for widespread P. ramorum infection. Mild temperatures and high rainfall favor the pathogen. Also, multiple host plants grow in the region, including salal (Gaultheria shallon Pursh) and huckleberries (Vaccinium spp.). Although P. ramorum sporulates on a wide variety of host species, some species play more important roles in spreading the disease. California bay (Umbellularia californica [Hook. & Arn.] Nutt.) significantly increases disease risk, leading some researchers to advocate for its removal to reduce risk to neighboring oaks (Kliejunas 2010) . Although its production of asexual spores isn't typically as prolific as California bay, tanoak too can inoculate forests with P. ramorum, particularly through sporangia production on leaves and twigs. Spore production begins with winter rains or shortly thereafter. Sporulation peaks with warm, spring rains and drops off to zero with hot, dry summer weather. However, in coastal areas with summer fog, inoculum persists year round (Kliejunas 2010) . Wind-blown rain can assist the spread of spores. Loss of productive tanoak trees to SOD is already negatively impacting tribal communities in Sonoma Co., having spread to Kashaya Pomo Indian lands probably from neighbors who planted infected rhododendrons (D. Rizzo, University of California, personal communication). Thousands of trees have died near their 40-acre Stewarts Point Rancheria where families still harvest tanoak acorns (Ortiz 2008) .
Through regulation of interstate nursery trade, the U.S. Department of Agriculture's Animal and Plant Health Inspection Service (APHIS) strives to prevent SOD spread ''to noninfested areas of the United States'' (Knighten and Redding 2004) . In 2005, APHIS began requiring that California, Oregon, and Washington nurseries shipping ''host plant nursery stock interstate, be inspected and certified free of evidence of P. ramorum,'' after four West Coast nurseries ''shipped potentially infected stock to over 1200 nurseries in 39 states'' (Kliejunas 2010) . In regulated areas, growers must destroy infected plant material (APHIS 2010). In 2001, only one California nursery tested positive for P. ramorum, but by 2004 that number jumped to 176 in multiple states (Frankel and Hansen 2011) . The number dropped to 34 by 2010 after APHIS began regulating the three states with known infected nurseries. But based on field investigations in 2009, P. ramorum spread to streams outside infested nurseries in five states (Washington, Mississippi, Alabama, Georgia, and Florida) (Frankel and Hansen 2011) . A number of southeast U.S. forest species are vulnerable to P. ramorum, including 18 species of red oak (Quercus spp.), which became dominant after the demise of American elm (Ulmus americana L.) and American chestnut (Kluza et al. 2007 ). Phytophthora spp. that can infect forest plants are a biosecurity threat. As a result, APHIS established a protocol in 2006 for responding to P. ramorum outbreaks in forest and wildland environments; however, as of 2011, ''no Federal response protocol for new wildland incursions'' exists (Frankel and Hansen 2011) . ''The continued spread of this and other new Phytophthora spp. presents significant impetus for adjustments in the management and regulation of forest pathogens and nursery stock'' (Frankel 2008) .
Despite the federal quarantine administered by APHIS, various states have attempted to establish supplemental quarantines to protect their natural resources and industries. However, APHIS has yet to approve a ''special need request'' or SNR. A review of APHIS administration of the SOD quarantine indicates that ''the SNR process has not achieved Congress' goal of allowing limited state regulation that is more restrictive than federal requirements'' (Porter and Robertson 2011) . Read Porter, a senior attorney with the Environmental Law Institute and Nina Robertson, a law clerk with the U.S. District
Court for the District of Columbia, defend states' rights in protecting against invasive species and call for an improved SNR process to avoid ''the spread of pests into areas where they are not yet present but are likely to cause substantial harm to the economy and environment.'' Currently, the interests of industry prevail according to Porter and Robertson (2011) . ''By focusing on facilitation of trade and reduction of risks rather than prevention, Congress in effect created a preference for leaky quarantines and for trade over environmental protection.'' Nor have the courts upheld states' rights to reduce the risk of P. ramorum infection. In 2004, the California Association of Nurseries and Garden Centers sued and won to block Kentucky and nine other states from enforcing their own SOD quarantines on horticultural products shipped from California, interstate commerce valued at roughly $500 million annually (Hirsch 2004) . Justice James McReynolds may prove prophetic when he warned in 1926, ''[i] t is a serious thing to paralyze the efforts of a state to protect her people against impending calamity, and leave them to the slow charity of a far-off and perhaps supine federal Quarantines and vigilance provide some protection for our forests from exotic disease species. But their effectiveness is limited for a number of reasons. Current methods of testing are not sensitive enough to reliably and consistently detect them (Brasier 2008) . Furthermore, predicting destructive foreign organisms is not always possible because ''most are unknown or innocuous in their native forests '' (Schowalter et al. 1997) . Confirmation of P. ramorum requires culturing and microscopy or molecular analysis, which can delay detection. Unfortunately, some nurseries are noncompliant with regulations and/or best practices (Brasier 2008) , plus only a tiny fraction of the landscape plants produced for sale are tested. Because the detection of potential plant pathogens is difficult, Evans (2004) (Frankel and Hansen 2011). Brasier (2008) more urgently calls for reform because global market influences have contributed to making ''international plant biosecurity protocols … outmoded, flawed, institutionalized, and too ineffectual.'' He advocates that they ''be fully scientifically reviewed and appropriately overhauled, taking full account of the underlying scientific weaknesses and of the many other causes of security failure'' (Brasier 2008) .
SUDDEN OAK DEATH RESPONSE
Given our inability to prevent all introductions of exotic diseases, plant pathologists advocate quick response to early detections to limit their impact (Meentemeyer et al. 2004; MacLeod et al. 2010) . In an effort to reduce P. ramorum spore production and subsequent spread, the Oregon Department of Agriculture required removal and burning of ''all infected plants and all host plants growing within a 15-30 m buffer zone beyond symptomatic tanoak trees'' near the town of Brookings (Curry Co.). The treatment typically includes herbicides to limit tanoak resprouting (Hansen et al. 2008 ). Oregon's infestation, as well as disjunct outbreaks in Mendocino and Humboldt counties in northern California, concern scientists given their potential to catalyze landscape-scale infection in a high-risk area. An infection near the town of Redway (Humboldt Co.) is worrisome to plant pathologists since it is a significant distance from other infestations and provides a northern foothold for the pathogen in California ( Fig. 10 ) (Meentemeyer et al. 2011) . Of even greater concern is an infection found farther north outside of Redwood National Park (NPS 2013) . ''In the absence of extensive control,' ' Meentemeyer et al. (2011) ''predict a ten-fold increase in disease spread between 2010 and 2030 with most infection concentrated along the north coast between San Francisco and Oregon''. As a result, ''substantial tree mortality, particularly of tanoak, is likely to follow.'' Based on their computer model, they predict ''explosive growth in infection and disease … to occur around 2016.'' Although it is unlikely that P. ramorum will cause tanoak extinction, it will likely cause ''the rapid and extensive loss of overstorey trees … within 30 years of pathogen establishment in many forests'' (Cobb et al. 2012) .
Pesticides cannot feasibly be used to control SOD on a landscape scale. Many pesticides used on other species in the genus Phytophthora test as effective against P. ramorum under experimental conditions (Kliejunas 2010) . Currently Agri-FosH is recommended as a prophylactic if applied twice in the first year and then annually after that (Kliejunas 2010) . In rugged areas with limited access, intensive pesticide treatments are prohibitively expensive if commercial applicators are used or if the work is logistically difficult. Plus, pesticide use is widely unpopular in northern California and poses a significant political liability for those proposing synthetic chemical intervention (Van Strum 1983; Bowcutt 1999) . Future use of pesticides in forest settings requires public support (Whitfield 1992) .
FIRE AND FOREST PATHOGENS
The health status of a particular tree may not be a significant factor in the SOD epidemic because P. ramorum is a novel pathogen in North America, and tanoak currently exhibits little resistance. However, other forest insect and disease epidemics often link to ''environmental stresses that predispose trees to being attacked and killed by secondary agents'' (California Oak Mortality Task Force 2011). In Yosemite National Park, termination of natural and Native American fire regimes caused colonization of oak woodlands by conifers, resulting in increased competition for light, water, and nutrients. ''As oaks have become stressed due to suppression by encroaching conifers, they have succumbed to several canker rots'' (Rizzo and Slaughter 2001). (2012) . A few additional sites were added from U.C. Berkeley Forest Pathology and Mycology Laboratory (2012) . Oregon sudden oak death distribution as of March 14, 2012 came from the Oregon Department of Agriculture (2012) . The tanoak distribution data for California came from Griffin and Critchfield 1976. Tanoak distribution data for Oregon came from the Oregon Flora Project (2012) .
Prior to Euro-American settlement, Native peoples burned Yosemite Valley to control for black oak diseases and to release oaks from conifer competition. A 2005 study suggested tanoak vulnerability to SOD increased with fire exclusion (Moritz and Odion 2005) . However, these results have been challenged given the limitations of SOD distribution and fire-history maps, which make studying the relationship between ''pathogen invasion and persistence'' and burning difficult (Lee 2009 ).
Fires don't appear to immunize forests. Nor do prescribed burning or catastrophic wildfires eliminate P. ramorum from a site, though they can reduce its spread (Lee 2009 ). Preliminary results from experimental treatments in southwestern Oregon and northern California forests suggest ''that burning can be a valuable tool in cleaning up small infectious material in infested sites,'' even when it doesn't eliminate the pest (Lee 2009 ). Thus far, frequent, low-intensity fires that mimic traditional ecological practices of indigenous peoples experienced with managing tanoak have not yet been tested as a prophylactic measure or to treat an infected site. Many California Indians are deeply committed to continued use of tanoak acorns and seek partnerships to address the P. ramorum threat (Ortiz 2008 ). An increasing number of commentators question exclusively relying on scientific expertise at the expense of other forms of knowledge when making decisions about environmental issues that impact stakeholders. They advocate for ''partnerships between experts, policy advisers and stakeholders'' that embrace ''participatory approaches' ' (MacLeod et al. 2010 ).
TANOAK CULTURAL LANDSCAPES
Existing public lands provide opportunities for safeguarding tanoak. However, many are already infested with the SOD pathogen (Appendix 1). Park visitors and neighboring gardeners unwittingly have become disease vectors. Establishing management practices designed to reduce infection risk in uninfected parks on the north coast of California makes sense given that scientists predict explosive disease expansion in this region. Redwood National and State Parks (RNSP) are at high infection risk due to multiple vehicular entry points and high visitation combined with a favorable climate and an abundance of suitable hosts. Redwood Creek has tested positive for P. ramorum in the park. Although no plants appear diseased, the ''infection source is approximately 5 mi (8 km) southeast of the Park boundary and could eventually move into RNSP forests'' (NPS 2013) . RNSP natural-resource managers are preparing for ''the inevitable arrival of P. ramorum to the parks'' by adopting preventive measures to slow its spread once it arrives. Park managers recognize tanoak as a valuable ecological component of the coast redwood forest in the park. ''RNSP also has an important cultural legacy of large stands of old tanoak trees that have been managed by Native American families for many generations'' (Bueno et al. 2010) . Park managers are considering ''creating tanoak refuges (defined as tanoak groves that are least likely to become infected due to spatial or temporal factors)'' (Bueno et al. 2010) . Based on epidemiological modeling, widely spaced tanoaks associated with plants that are immune to P. ramorum infection ''resulted in slow-enough transmission to retain overstorey tanoak'' (Cobb et al. 2012) . Manipulating vegetation to create conditions unfavorable to the pathogen prior to disease arrival could radically reduce risk.
Sinkyone Wilderness State Park could serve as another tanoak refuge in this North Coast zone of high risk. It occurs on the longest stretch of undeveloped coastline in the 48 contiguous states with a large buffer of undeveloped land. Limited road access makes temporary park closures feasible during the period the disease is most active (March-May) to reduce the risk of humans accidentally spreading the disease. The watersheds in the park are minimally developed further reducing the risk of infected waterways spreading the pathogen. Introduction of infected nursery plants in the area is less likely due to the low number of neighboring ranchettes. Although the park appears to be uninfected, new outbreaks are increasingly encroaching (Peterson 2012) , so reducing infection risks now may safeguard tanoaks. A risk-reduction plan could be developed based on current best practices, including prohibiting potentially contaminated material in tanoak cultural landscapes. Given that the ethnographic record indicates annual, low-intensity ground fires can be effective against other kinds of tanoak diseases, it is worth investigating if this traditional ecological knowledge could help address the current SOD crisis.
Case studies from western North America offer us models of how partnerships involving tribal groups can help to repair environmental and social damage. For example, the Nisqually Tribe, the U.S. Fish and Wildlife Service, and several nonprofit organizations restored the Nisqually River Delta to an estuary 100 years after it was diked for agriculture (Middleton 2011) . Within the Six Rivers National Forest, Yurok, Karok, and Hoopa elders advised on ''a series of experimental burns to enhance the quality and quantity of … beargrass,'' which is used by tribal members for basket making (Anderson 1993) . These partnerships didn't restore what's been lost, but they did begin to heal the damage. Given significant changes to forest systems, reintroducing fire alone won't address the challenges facing tanoak. Any potential benefits will need to be weighed against the risks, but that analysis needs to occur in a way that involves Native people with a stake in tanoak wellness.
CONCLUSIONS
Concerted action is needed due to the threat posed by P. ramorum. Tanoak plays key roles in coast redwood forests and other ecosystems. It is the most abundant hardwood in California, the only species in its genus, and its acorns still serve Native peoples as a beloved, indigenous food. Fortunately, the heartland of tanoak's distribution is mostly uninfected. Timely intervention is important because of tanoak's ecological and cultural significance. To be fully successful, actions to protect tanoak should: 
